The effects of soy protein on the activities of serum lactate dehydrogenase (LDH), alanine aminotransaminase (ALT), aspartate aminotransaminase (AST) and gamma-glutamyl transpeptidase (γ-GT) in rats fed cholesterol-diet were investigated. Rats were subjected to feeding over a period of six weeks on formulated diets containing: 20% soy protein with no cholesterol (group A); 20% soy protein with 5% cholesterol (group B); 20% soy protein with 10% cholesterol(group C): 0% soy protein with 20% cholesterol (group D); and 5% soy protein with 20% cholesterol (group E). The serum levels of these enzymes were determined weekly for the six weeks treatment period. LDH, ALT, AST and γ-GT activities were observed to be significantly elevated (p < 0.01) in groups D and E when compared with groups B and C although the enzymes activities in groups B and C were significantly higher (p < 0.05) when compared with the control. The activities of the enzymes were highest in group D. It is considered that consumption of soy protein-rich diets as opposed to those high in animal protein may help reduce oxidative damage to tissues (such as heart, liver, and kidney) and hence reduce cardiovascular disease risk due to the presence of soy isoflavones and its hypolipaemic attributes.
INTRODUCTION
As a legume, soy is a plant protein rich in soluble and insoluble fibre. Soy has a healthier mixture of fats than animal protein [low in saturated fat, contains omega-3-fatty acids (8%) and monounsaturated fatty acids (25%)]
. Soy is also phytochemically rich in isoflavones (Anderson et al., 1995) . There is a large body of literature supporting claims that soy protein is an effective cholesterol lowering agent. Studies have shown that consumption of products containing soy protein reduced blood total cholesterol, low-density lipoprotein (LDL) -cholesterol, very-low density lipoprotein (VLDL) -cholesterol and triglyceride concentrations (Anderson et al., 1995; Baum et al., 1998; Anderson et al., 1999; Oluba et al., 2009) . Puska et al. (2002) has demonstrated the hypocholesterolemic effect *Corresponding author: E-mail: ghasemsaki@yahoo.com. Fax: +986113380862.
of soy protein in experimental animals and humans. A significant factor underlying the high continuing incidence of coronary heart disease (CHD) is a typical diet high in saturated fat and cholesterol both of which contribute to elevated serum cholesterol (Mc Gill Jr,1988; Oluba et al.,2008) . Evaluation of blood total cholesterol concentrations and other lipid abnormalities are part of a number of risk factors identified for cardiovascular diseases (CVD) (Bell, 2000) . Cardiovascular disease is the dominant single cause of premature mortality in the world (Anand, 2000) .
The effect of dietary changes on serum lipid levels differs significantly between individuals and species. Humans and animals however show a certain consistency in the response of their serum lipids to fat-modified diets (Desroches and Lamarche, 2004) . The difference in response may be caused by variation in genes regulating serum lipid levels (Clifton and Abbey, 1997) . Lactate dehydrogenase (LDH), alanine amino-transferase (ALT), aspartate aminotransferase (AST), and gammaglutamyltranspeptidase (γ -GT) in addition to cholesterol and triglyceride concentrations are demonstrated to be associated with cardiovascular risk factors (Conigrave et al., 1993; Amdt et al., 1998; Whitefield, 2001) . The role of γ -GT in replenishing intracellular glutathione, and possibly in controlling apoptosis and proliferation in atheromatous plaques) add more credence to its significance (Paolicchi et al., 1999; Paolicchi et al., 2004) .
Tissue enzyme activity as well as cholesterol and triglyceride concentrations in different animals' species have been extensively investigated by several workers (Clampitt and Hart, 1978; El-Newechy et al., 2002; Oluba et al., 2009 ). However, limited data on the effect of soy protein on serum levels of these enzymes are available. LDH is less specific than AST and ALT as a marker of hepatocyte injury. However, it is noteworthy that LDH is disproportionately elevated after an ischemic liver injury (Kaplan, 1993) . AST and ALT values are higher in obese patients, probably because these persons commonly have fatty livers (Salvaggio et al., 1991) . LDH is an intracellular enzyme found particularly in the kidney, heart, liver, lungs and skeletal muscle. Increased serum level of LDH is usually found in cellular death and/or leakage from cells or in some cases it is a useful marker of myocardial or pulmonary infarction. Although γ-GT is considered to be an index of hepatobilliary dysfunction and alcohol abuse (Pimpella et al., 2004) , recent epidemiological and pathological studies have suggested its independent role in the pathogenesis and clinical evolution of cardiovascular diseases brought on by atherosclerosis (Whitefield, 2001; Pimpella et al., 2004) . A 17 years study of 163944 Australian adults by Ruthaman et al. (2005) showed that γ-GT is independently associated with cardiovascular mortality. Serum γ-GT had a prognostic impact on fatal events of chronic forms of coronary heart disease, congestive heart failure, and ischemic or hemorrhagic stroke. Although all the 4 enzymes (LDH, ALT, AST, and γ-GT) investigated in this study are associated with cardiovascular risk factors (Jousilahti et al., 2000; Perry et al., 1998) , the role of γ-GT in replenishing intracellular glutathione, and possibly in controlling apoptosis and proliferation of atheromatous plaques (Paolicchi et al., 1999; , may give it added significance. Because it is possible that γ-GT plays a role in the proliferation of atheromatous plaques, some of the circulating γ-GT may come from such plaques.
In Nigeria (and in most under-developed nations of the world) most people subsist on diets high in saturated fatty acids because the prevailing economic hardships leave them with no choice. This observation has been of great concern and even more of concern is the increased rate of sudden deaths arising from CHD (Anand et al., 2000) .
In the light of this, the authors are interested in examining the effects of soy protein in diets containing different proportions of cholesterol on the activity of some serum Saki et al. 391 enzymes used in the diagnosis of CVD.
MATERIALS AND METHODS
All chemicals and reagents used were of analytical grade and are all products of BDH chemicals Ltd, Pool, England.
Soy protein
Matured soy beans (uncooked) was purchased from Iwaro market, Oka Akoko Ondo State, Nigeria and was identified as Glycine maximus (soy bean) by a taxonomist in the Department of Crop Science, Faculty of Agriculture, University of Benin, Nigeria. This was ground into powder and used in diet formulation. Some of the soy protein were deposited at the herbarium of the faculty.
Animals and diets
Thirty-five (35) twelve-weeks old albino rats (Wister strain) weighing between 60-70 g, purchased from the animal house, Department of Biochemistry, University of Ilorin, Nigeria, were used for the study. The rats were housed in stainless steel cages with raised wire floors at a temperature of about 30°C; and were fed with rat chow and water ad libitum for a period of two weeks to acclimatize. The rats were then divided into 5 groups of 7 animals each designated as: Groups A (control), B, C, D and E. They were then placed on 5 different dietary regimens as shown in Table 1 . The composition of diet fed each group is shown in Table 1 . Before the commencement of feeding, the animals were fasted overnight but allowed access to water ad libitum. One rat from each group was sacrificed on day zero and its serum collected to determine the baseline level of the test parameters studied.
Serum preparation
At weekly intervals, one rat from each group was sacrificed and 2 ml of blood was collected from the animal by cardiac puncture. The blood was allowed to stand at room temperature to clot and was later centrifuged at 10,000 g for 5 min using Hettich (universal II) centrifuge to separate serum from the cells. The supernatant (serum) was carefully decanted and analyzed immediately.
Assays
The activities of LDH, ALT, AST and γ-GT were measured using commercial kits (Randox Laboratory Ltd.) following the manufacturer's instructions. Protein concentration was also determined using commercial kit (Randox Laboratory Ltd, UK) according to the manufacturer's instructions.
Statistical analysis
Statistical analysis was carried out by one way analysis of variance (ANOVA) and Duncan Multiple Range Test (DMRT) using SPSS 16.0. The significance level was set at p<0.05 and p<0.01.
RESULTS
The animals consumed their daily rations satisfactorily and showed increase in body weight. The percentage 392
Int. J. Med. Med. Sci. increase in body weight observed for the respective groups over the feeding period is shown in Table 2 . Table  3 shows the weekly changes in the activity of LDH from the respective groups. Our results indicate that the animals in groups D and E had about 2.5 and 2.0 folds increase, respectively in their enzyme activities at the end of the feeding trial when compared with the control. These differences were statistically significant. On the contrary, the LDH activity in groups B and C did not differ significantly from that of the control (p>0.05). Table 4 shows the serum levels of ALT for the respective groups over the 6 weeks period. Rats in groups B,C,D and E showed elevated levels of ALT activity when compared with the Control (group A).These increases were statistically significant (p < 0.01) and were greater in groups D and E (p<0.01) than in groups B and C.(p<0.05). The activity of serum AST is as shown in Table 5 . The results obtained showed that rats in groups B, C, D and E showed significantly higher (p < 0.01) serum AST levels when compared with the Control (group A). The enzyme activities in groups D and E were however significantly raised than those in groups B and C at the end of the feeding period. The weekly changes in serum γ-GT activity for the respective groups are presented in Table 6 . The results obtained showed that serum γ-GT activities in groups B, C, D and E were significantly elevated (p < 0.05) when compared to the Control.
DISCUSSION
The results of our present study showed that consumption of soy protein leads to reduction to baseline in the serum levels of lactate dehydrogenase (LDH), alanine aminotransferase (ALT), aspartate aminotranferase (AST) and gamma-glutamyl transpetidase (γ-GT). This is observed in the significantly (p < 0.01) low serum levels of these enzymes in groups A, B, and C (contaning20% soy protein) when compared with group D (without soy protein) and group E (with only5% soy protein). Even the 5% soy protein in group E Saki et al. 393 Table 3 . Serum LDH activity (U/L) of rats placed on cholesterol-rich diet supplemented with soy protein. diet still produced a non-significant (p > 0.05) reduction in the activity of the enzymes. In addition to its hypocholesterolemic properties, soy protein as earlier suggested may reduce kidney and liver damage by a second 394 Int. J. Med. Med. Sci. (Zhan and Ho, 2005) , although their antioxidant capacity is limited (Colacurci et al., 2005) . Also, isoflavones can react with reactive oxygen species. A study on the effect of soy protein diet on the development of fatty liver associated with diabetics using Zucker diabetic rats that develop hyperinsulinemia and hepatic steatosis showed that soy protein prevented the accumulation of triglyceride and cholesterol in the liver despite the development of obesity and hyperinsulinemia in the rats (Torres et al., 2006) . This effect, they observed was due to a low expression of genes involved in the synthesis of fatty acids and triglyceride in the liver. In addition, they also found that the levels of a transcriptional factor involved in controlling genes involved in fatty acid breakdown, as well as its target genes were increased in rats fed soy protein. Thus, soy protein not only reduces the amount of fatty acids in the liver by reducing its production, but also by increasing its breakdown. Soy protein has additional advantages over animal protein. As little as 25 g of soy protein is all that is required to reduce cholesterol in hypercholesterolemic subjects (Bakhit et al.,1994) .Thus, increasing our consumption of soy protein represents a safe, viable and practically nonpharmacologic approach to lowering serum cholesterol.
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